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Plaque Size, Vessel Size and
Plaque Vulnerability: Bigger May
Not Be Better
PREDIMAN K. SHAH, MD, FACC
Los Angeles, California
Coronary thrombosis is now generally accepted as the proxi-
mate cause of acute coronary syndromes (1). Nearly 70% to
80% of coronary thrombi occur as a consequence of fissure or
rupture of the fibrous cap of the plaque, with the remaining
thrombi occurring from superficial endothelial erosions with-
out a frank rupture or fissure (2–5). Plaques that have ruptured
are generally characterized by a large, eccentric, lipid-rich
atheromatous core, thinned-out fibrous caps with reduced
smooth muscle cell and collagen content, increased inflam-
matory cell infiltration with mostly activated macrophages
and, to a lesser extent, activated T-lymphocytes and mast
cells, and increased neovascularization (6 – 8). Undisrupted
plaques with similar compositional characteristics have, by
inference, been considered vulnerable for disruption (the
vulnerable plaque).
While the histomorphometric features of ruptured plaques
(and by inference vulnerable but unruptured plaques) are
reasonably well accepted, the relationship of such features to
the size of the plaque and the severity of luminal obstruction is
not as clear. Angiographic studies have suggested that 60% to
70% of acute coronary syndromes evolve from coronary lesions
that in the weeks to months prior to the acute event were only
mildly or moderately obstructive of the lumen (1,4,9–11).
Similarly, it has been shown that in 30% to 40% of cases of
acute myocardial infarction, myocardial stress perfusion scin-
tigraphy, performed weeks to months before the index infarc-
tion, failed to reveal evidence for reversible ischemia in the
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corresponding myocardial segments (12). These studies have
led to the popular concept that a significant number of acute
coronary events attributed to plaque rupture and thrombosis
result from “less obstructive” plaques often erroneously
thought of as “small plaques.” On the other hand, prospective
studies have also suggested that the risk of progression to total
occlusion is greater in severe stenoses than in milder stenoses
(13) and that at autopsy, coronary thrombosis is more preva-
lent in severely stenotic plaques (2,14). These observations
raise the following questions: 1) how do we reconcile the
seemingly paradoxical angiographic vs. autopsy results; 2) if
true, why are less obstructive plaques more often responsible
for acute coronary events; 3) are less obstructive plaques small
or big; 4) does the plaque size or luminal stenosis correlate
with histomorphometric and immunocytochemical determi-
nants of plaque vulnerability?
Several potential explanations can account for the apparent
angiographic–pathology paradox (Table 1). Angiographic, in-
travascular ultrasound and autopsy studies support question 1
and angiographic studies support question 2. Question 3
appears reasonable based on clinical experience and the
known physiology of coronary collaterals. However, there has
been little real data in support of questions 3 and 4. Loree et
al. (15) have used in vitro models of stenoses with variable
thickness of the fibrous cap, lumen size and lipid-core and
demonstrated, with computer modeling, that circumferential
stress is more in less obstructive plaques because of larger
lumen size and higher wall stress (LaPlace’s Law). However,
the clinical relevance of these data from in vitro models
remains to be defined. The question of whether plaques that
are less obstructive of the lumen are intrinsically more vulner-
able because of compositional characteristics remains an in-
triguing but unsubstantiated possibility.
In this issue of the journal, Pasterkamp et al. (16) examined
254 of 1,521 cross-sections from 50 femoral arteries of 28
elderly patients (mean age of 79 years) dying of noncardiac
causes to determine the relationship between vessel size,
plaque area and lumen area on one hand and histomorpho-
metric indices of plaque vulnerability (lipid-atheromatous size,
collagen content, extent of smooth muscle cell and inflamma-
tory cell immunoreactivity in the fibrous cap and shoulder
regions of the plaque) on the other. The markers of vulnera-
bility were observed significantly more often in cross-sections
with the largest plaque area and vessel size, whereas there was
no relationship between lumen area and the markers of
vulnerability. Large plaque size despite less luminal encroach-
ment suggested centrifugal arterial enlargement consistent
with positive remodeling. These observations are in agreement
with previous autopsy studies that have demonstrated that
coronary plaques that result in acute thrombosis and myocar-
dial infarction are often large (14,17). The authors speculate
that positive remodeling and plaque rupture may share com-
mon pathophysiologic underpinnings, both reflecting extracel-
lular matrix dysregulation at the base of the plaque (for
positive remodeling) or in the cap (for plaque rupture).
Several limitations of the study by Pasterkamp et al. (16)
must be pointed out. First, it is important to recognize that the
concept of histomorphometric markers of vulnerability repre-
sents an extrapolation from data derived from already rup-
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tured plaques because there is no prospective validation of this
concept. Second, the study involved femoral artery sections
and not coronary artery sections; it is unclear whether the same
findings would apply to coronary arteries as well. Third, only
the sections with the largest and the smallest plaque areas and
vessel areas were compared, thereby introducing the possibility
of sampling error. Fourth, the study population was quite
elderly and the results may or may not be pertinent to the
younger population, especially in view of the increased fre-
quency of superficial plaque erosion rather than plaque rup-
ture as a cause of thrombosis in this population (5). Further-
more, histomorphometric criteria of plaque vulnerability may
apply to process of plaque fissure or rupture but may or may
not be relevant to those cases of coronary thrombosis that
result from superficial endothelial erosions overlying smooth
muscle and proteoglycan-rich plaques (5). Furthermore, the
findings of Pasterkamp et al. (16) are at variance with those of
Mann and Davies (18), who found no relationship between
plaque-size, luminal stenosis and atheromatous lipid-core size
(one of the determinants of plaque vulnerability) in 160
sections derived from 31 human coronary arteries. Unlike
Pasterkamp et al. however, Mann and Davies studied coronary
arteries from different individuals rather than paired samples
from the same subject, limited their analysis to advanced
type IV and V plaques and only used size of the atheroma-
tous lipid-core and cap thickness as criteria of vulnerability;
these methodological differences could account for different
results.
Notwithstanding these limitations, the study by Pasterkamp
et al. (16) suggest that large plaques are often associated with
positive remodeling (vessel enlargement) which tends to atten-
uate luminal stenosis but paradoxically such plaques are also
more likely to contain histomorphometric features of plaque
vulnerability.
Thus, bigger may not always be better.
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Table 1. Why Do Most Acute Coronary Syndromes Evolve From
Angiographically Determined Mild to Moderate Stenoses?
1. Angiography underestimates the severity of atherosclerosis and luminal
narrowing, whereas pathological studies overestimate the severity of
luminal stenosis.
2. Mildly stenotic plaques outnumber severely stenotic plaques by a factor of
5 to 10; therefore, even if severely stenotic plaques progress to occlusion
from plaque disruption and thrombosis more frequently than mildly
stenotic plaques, more total occlusions evolve from mildly stenotic plaques
than from severely stenotic plaques.
3. Severely stenotic plaques are more likely to recruit collaterals than mildly
stenotic plaques; therefore, progression from mild stenosis to total
occlusion is more likely to result in an overt clinical event than progression
from a tight stenosis to total occlusion.
4. Mildly stenotic plaques may be subject to greater circumferential
hemodynamic stress because of larger luminal radius (LaPlace’s Law) than
severely stenotic plaques, making them more susceptible to plaque rupture.
5. Mildly stenotic plaques may be intrinsically more vulnerable because of
compositional characteristics.
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